Background-Elevated scores on depression symptom questionnaires predict rehospitalization after acute myocardial infarction (AMI 
H eart disease remains the number one cause of death in the United States, with coronary heart disease (CHD) being responsible for 1 of every 6 deaths in 2007. 1 However, CHD mortality rates have declined in recent decades, leading to an increased focus on the healthcare and economic burdens of chronic coronary disease. Recent reports have highlighted the frequency and high cost of hospital readmissions related to acute myocardial infarction (AMI) and other manifestations of CHD. Of the patients who survive an index hospitalization for acute coronary syndrome, between 21% and 33% are rehospitalized within 1 year. 2, 3 The estimated cost of hospitalization for acute coronary syndrome ranges from Ϸ$13 000 to almost $30 000, [3] [4] [5] [6] and there is evidence that the cost of a readmission is at least as high as that of the index hospitalization. 3 Rehospitalizations account for a majority of the annual cardiovascular-related expenditures in the first year after index admission for acute coronary syndrome. 3, 4 Hospital readmissions also affect patient quality of life, and in younger patients who are still employed, readmissions result in lost workdays and potential difficulty in maintaining employment. For all these reasons, it is important to identify factors that are associated with increased risk of rehospitalization among patients with coronary disease. The identification of risk factors that are potentially modifiable would be particularly useful.
Depression is an independent predictor of cardiac and all-cause mortality after acute coronary syndrome. [7] [8] [9] There is also evidence that individuals with symptoms of depression are more likely to be rehospitalized within the first year after AMI. 10 -14 For instance, Frasure-Smith et al 10 reported that in the first year after hospitalization for MI, patients with a Beck Depression Inventory (BDI) 15 score of Ն10 were more likely to be readmitted and spent more days in the hospital than those who scored Ͻ10. Similar findings have been reported by Parashar et al 13 and Smolderen et al 14 using a cutoff score of 10 on the Patient Health Questionnaire. 16 However, these studies used self-report depression screening questionnaires rather than diagnostic interviews to identify depression. Carney et al 17 reported that the standard cutoff score of 10 on the BDI failed to identify Ϸ20% of depressive disorders in a group of patients with coronary disease. The specificity of depression screening questionnaires also is limited in cardiac patients because some of the symptoms of depression, such as fatigue and poor appetite, overlap with symptoms of medical illness.
The current study investigated whether major and minor depressive disorders, as assessed by a diagnostic interview, predict time to first cardiac rehospitalization during a 42-month follow-up after an index hospitalization for AMI. To our knowledge, this study is the first to examine this relationship using Diagnostic and Statistical Manual for Mental Disorders, Fourth Edition (DSM-IV), 18 criteria for depression rather than a self-report inventory of depressive symptoms. We also compared the discrimination ability of the BDI with that of the diagnostic interview to determine whether one was a more accurate predictor of readmissions than the other. As a secondary aim, we examined the relationships between depression status and cumulative number of rehospitalizations, cumulative number of emergency department visits, and the cumulative length of hospital stay across all hospitalizations during the follow-up period.
WHAT IS KNOWN
• Depression is associated with adverse outcomes in patients with coronary artery disease.
• Whether Diagnostic and Statistical Manual for Mental Disorders, Fourth Edition, depressive disorders (minor or major depression) predict rehospitalization after acute myocardial infarction is unknown.
WHAT THE STUDY ADDS
• Minor and major depression increase the risk of rehospitalization and emergency department visits after acute myocardial infarction.
• This result is consistent whether depression is assessed by symptom questionnaire or by a diagnostic interview.
• Multivariable models that predict the risk of rehospitalization after acute myocardial infarction should include depression.
Methods

Participants and Data Collection
Patients were screened for eligibility to participate in the Enhancing Recovery and Coronary Heart Disease (ENRICHD) trial between October 1997 and January 2000. 19 The current sample is limited to patients who were admitted for AMI at 1 of the 4 ENRICHD clinical trial sites (Washington University, St Louis, MO; Duke University, Durham, NC; Harvard University, Boston, MA; and Yale University, New Haven, CT) that participated in an ENRICHD ancillary study, the detailed methods of which have been reported previously. 20 Patients were eligible to participate if they had evidence of AMI as documented by cardiac enzymes and chest pain consistent with AMI, characteristic evolutionary ST-T changes, or new Q waves. Although the ENRICHD trial was limited to patients who met criteria for depression and low perceived social support, the ancillary study also included a comparison group of patients who consented to participate in ENRICHD and were otherwise eligible but who did not meet study criteria for depression or low social support. Patients were excluded from the study if they (1) had another life-threatening medical illness, significant cognitive impairment, or another major psychiatric disorder; (2) lived too far away, were too ill, or were unable to participate for other logistical reasons; (3) were currently taking tricyclic or monoamine oxidase inhibitor antidepressants; or (4) refused to participate. The Depression Interview and Structured Hamilton (DISH) 21 was used to determine depression status based on DSM-IV diagnostic criteria. The BDI, a 21-item self-report inventory of depressive symptoms, was used to assess severity of depression. 15 To be eligible for the ENRICHD trial, patients had to meet DSM-IV criteria for a current major or minor depressive episode 18 or had to have a history of major depression and meet the criteria for a current episode for Ն7 days (instead of the DSM-IV-defined 14 days). Patients who met the modified criteria for major or minor depression on the interview and who scored Ն10 on the BDI were enrolled. The present study included patients in both the usual care and the intervention arm of the ENRICHD trial. Control participants did not meet diagnostic criteria for major or minor depression or dysthymia, had no prior episodes of major depression, and scored Ͻ10 on the BDI. Controls and patients with depression were enrolled concurrently, but the control sample was limited to 120% of the depressed sample.
Medical record reviews were conducted to document history of coronary disease and revascularization, current medications, medical comorbidities, and major risk factors for coronary heart disease. Follow-up assessments were conducted 6 months after enrollment and then annually for up to 42 months. Study staff identified potential end points through follow-up visits, telephone calls, medical record surveillance, and physician contacts. All reported hospitalizations were confirmed through medical record review, and all reported deaths were confirmed by examination of death certificates. Cardiovascular rehospitalizations were the primary end point for this study.
The study was approved by the institutional review board at each study site. All participants provided written informed consent.
Statistical Analysis
Chi-square tests and ANOVA models were fitted to compare the depression groups on demographic and medical characteristics at baseline. The primary outcome, defined as the time to first cardiac rehospitalization during follow-up, was censored on the date of the patient's death or on the date of last contact if the patient was lost to follow-up. For time-to-event analyses, the origin of time was defined as the date of randomization for ENRICHD clinical trial participants and as the enrollment date for nondepressed controls.
Survival methods were used to examine the primary end point and were carried out in 2 steps. First, univariate event times were estimated by the Kaplan-Meier method and then compared between groups with the log-rank test. Second, Cox proportional hazards regression was used to model the risk of rehospitalization associated with the presence of a depressive disorder, adjusted for the EN-RICHD all-cause mortality risk score. A random frailty term for study site was included in the model to account for heterogeneity among study sites.
A recent review 22 found very little consistency among 35 studies of patient characteristics that were associated with higher risk of post-AMI readmission. Therefore, we chose a priori to control for the ENRICHD risk score, which is a weighted composite index of medical characteristics ( Table 1 ) that has been shown to predict death or recurrent nonfatal MI in patients with AMI. 23 The risk score comprises 11 variables that are likely to increase the risk of rehospitalization, including age, medical comorbidities, and markers of heart disease severity. At least 1 of the 11 constituent variables of the risk score was missing in Ϸ40% of cases, although only 3.6% of the sample had Ͼ2 missing components.
Multiple imputation was used to reduce the risk of bias in each statistical model that controlled for the risk score. The imputer's model comprised 41 variables. We used SAS Proc MI to create 50 imputed data sets. Markov-chain Monte Carlo methods were used to impute plausible values. We specified 1000 burn-in iterations and 100 run-in iterations, and used graphical methods (eg, time plots of left ventricular ejection fraction) to assess the stability of the process. Parameter estimates reported in the article are based on the imputed data.
We fitted logistic regression models to compare the estimated area under the receiver operating characteristic curve of BDI total scores Data are presented as meanϮSD or n (%). ACE indicates angiotensin-converting enzyme; AMI, acute myocardial infarction; BDI, Beck Depression Inventory; CABG, coronary artery bypass graft; CHF, congestive heart failure; ENRICHD, Enhancing Recovery and Coronary Heart Disease; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PVD, peripheral vascular disease; PTCA, percutaneous transluminal coronary angioplasty; TIA, transient ischemic attack.
in relation to that of the DISH interview-based diagnosis (major or minor depression versus no depression) as predictors of rehospitalization. A covariate-adjusted C statistic was computed for each predictor. We used a BDI cutoff score of 10, which is the convention for clinically significant depressive symptoms, to compute the covariate-adjusted C statistic for the BDI and examine it at other cutoff scores.
To examine the effect of depression on secondary outcomes, we fitted Poisson regression models to the cumulative number of rehospitalizations and cumulative number of emergency department visits during the follow-up period. The cumulative length of hospital stay was extremely positively skewed; therefore, we transformed this variable into a 3-level ordinal response (0 days, 1-5 days, Ն6 days) and fit it to a proportional odds model of the probability of response in the higher categories (ie, longer cumulative length of stay). All analyses of secondary outcome variables included the risk score and a variable that represented the length of known contact with the patient during follow-up (measured in days).
We assessed each statistical model for any serious model violations. For the Cox models, we verified that the continuous predictor variables were linearly related to the log hazard and that the hazard ratio (HR) was constant (proportional) over time. We assessed the latter by examining Schoenfeld residuals and adding an interaction (with time) term to the model. We also tested assumptions about outliers, influential observations, and the model's goodness of fit. We assessed key assumptions for both the proportional odds and the Poisson models, including the equality of slopes (proportional odds) and use of deviance residuals to determine whether the variance was proportional to the mean response, respectively. Akaike information criterion and Bayesian information criterion statistics were used to assess overall model fit.
All statistical tests were 2-sided and P values were adjusted for multiple comparisons through a step-down Bonferroni procedure 24 to maintain a type I error rate of 0.05 per comparison. All analyses were conducted using SAS version 9.2 statistical software.
Results
A total of 766 patients were enrolled in the study, including 408 patients who were not depressed, 195 with minor depression, and 163 with major depression. As shown in Table 1 , the groups differed on several medical and demographic characteristics. They also differed on the proportion of patients who had a subsequent cardiac hospitalization during the follow-up (not depressed, 81/408 [19 Table 2 displays demographic and baseline medical characteristics by rehospitalization status. Patients who were women, were not white, and had Յ12 years of education were more likely to be rehospitalized. Additionally, those who were rehospitalized were more likely to have a history of peripheral vascular disease, coronary revascularization, and hypertension and had higher systolic blood pressure, body mass index, and ENRICHD all-cause mortality risk score. Figure 1 shows Kaplan-Meier estimates for time to first rehospitalization by depression status. The estimated time at which 25% of patients had Ն1 cardiac rehospitalization was 32.3 months in the not depressed group, 11.5 months in the minor depression group, and 5.9 months in the major depression group. Results of the unadjusted and adjusted Cox regression analyses on time to first rehospitalization are shown in Table 3 Table 2) . Although the main effect for sex was marginally associated with time to first rehospitalization (adjusted HR, 1.29; 95% CI, 0.99 -1.69; Pϭ0.06), the effects of depression remained relatively unchanged.
We investigated whether there was any bias introduced by the high degree (40%) of missing data in Ն1 of the 11 constituent variables of the risk score covariate. We found that only 1 component of the risk score was missing in 30.7% of the sample, 2 components were missing in 6.1%, and Ն3 components were missing in 3.3%. The distribution of numbers of missing components also was quite similar across the not depressed, minor depression, and major depression groups. For example, only 1 component was missing in 32.4%, 30.3%, and 27% of the groups, respectively, and only 2 components were missing in 7.1%, 4.1%, and 6.1% of the groups, respectively. The predominant missing component was left ventricular ejection factor, which was missing in 24.2% of cases in the overall sample (not depressed, 25%; minor depression, 23%; major depression, 23%). The rates of cardiovascular rehospitalizations of patients with left ventricular ejection fraction data present versus missing were 28.4% and 28.7%, respectively (Pϭ0.95). Thus, there are not any large imbalances in missingness among the depression groups or between the patients who were or were not rehospitalized. Tables 1 and 2 show the observed (before imputation) sample size for each component of the risk score.
The receiver operating characteristic curves are shown in Figure 2 . The C statistic for a BDI cutoff score of 10 (0.64; 95% CI, 0.60 -0.68) and for the DISH interview-based depression diagnosis (0.65; 95% CI, 0.61-0.69) were not significantly different (difference in covariate-adjusted C statistic, 0.01; 95% CI, Ϫ0.00 -0.03; Pϭ0.08). Other receiver operating characteristic parameters were estimated, comparing a BDI score of Ն10 with DISH depression diagnosis. Sensitivity was 96.1%; specificity, 95.9%; positive predictive value, 95.4%; and negative predictive value, 96.5%. We also found excellent agreement (ϭ0.92) between the 2 depression diagnostic tools. Finally, as an exploratory analysis, we examined the C statistics for BDI cutoff scores of 5 to 20 to determine whether the conventionally used score of 10 provided the highest overall accuracy of prediction. The highest value of the covariate-adjusted C statistic was asso-ciated with a BDI cutoff of 15 (0.67, 95% CI, 0.62-0.71), suggesting a slight advantage in discrimination ability with a higher cutoff score.
Poisson regression models revealed significant differences between the major depression and not depressed groups as well as between the minor depression and not depressed groups in the cumulative number of all-cause rehospitalizations (both PϽ0.001) and number of emergency department visits during the follow-up (major depression versus not depressed, PϽ0.001; minor depression versus not depressed, Pϭ0.003). Additionally, the major and minor depression groups differed significantly on the cumulative number of all-cause rehospitalizations (Pϭ0.04). Compared with the not depressed group, both patients with major depression (PϽ0.001) and patients with minor depression (PϽ0.001) had greater odds for having a longer cumulative length of hospital stay.
As a sensitivity analysis, we redefined the primary outcome as a composite end point of time to first rehospitalization or death to account for any biases due to deaths that were censored in our primary analysis. The results were very similar to the primary analysis, with depression remaining a significant predictor of the composite end point after adjusting for mortality risk.
To determine whether the severity of clinical depression was related to the primary outcome, we examined the effect of self-reported depression on time to first rehospitalization among patients with major or minor depression (nϭ358). BDI score was significantly associated with time to rehospitalization (unadjusted HR, 1.02; 95% CI, 1.0 -1.04; Pϭ0.02). Every 1-point increase on the BDI was associated with a 2% increase in the risk of rehospitalization in the depressed subgroup. Data are presented as meanϮSD or n (%). Abbreviations as in Table 1 .
Discussion
In this ENRICHD ancillary study, we found that patients who met the DSM-IV criteria for major or minor depression after an AMI were rehospitalized significantly sooner for cardiac reasons than patients who were not depressed. Patients with depression also had higher total numbers of all-cause hospitalizations and emergency department visits during the 42 months after the initial hospitalization for MI, and they spent significantly more total days in the hospital. These results remained significant after adjustment for well-established mortality risk factors. To our knowledge, this study is the first to use diagnostic interviews to examine the association between depressive disorders and the risk of rehospitalization after AMI. The results are consistent with those of previous investigations that used symptom questionnaires to assess depression. 10 -14 It is possible that symptom questionnaires may predict rehospitalization because of their modest specificity for clinical depression; it could be that among patients who go on to be rehospitalized, depression questionnaire scores are inflated by the presence of more severe heart disease. The present findings confirm that clinical depression actually does predict readmissions. However, we also found that the diagnostic interview does not significantly improve the overall accuracy of prediction of rehospitalization compared with the BDI questionnaire. Although clinical diagnostic interviews are the gold standard for determining depression diagnostic status, they are more burdensome to administer than self-report questionnaires because of their length and the extensive training required of interviewers. The findings suggest that it is not necessary to interview patients to determine whether they are at increased risk of rehospitalization because of depression and that this determination can be made on the basis of a brief questionnaire such as the BDI. We believe that this finding has important clinical implications because these questionnaires are cost-effective and easy to administer and interpret. The results also show that the risk of rehospitalization increases along with the severity of depression, suggesting that depression inventory scores should be used as continuous measures in this context and not artificially dichotomized at a cutoff score.
The latest report from the American Heart Association 25 projects that by 2030, Ͼ40% of US adults will have some form of cardiovascular disease and that the direct medical costs of cardiovascular disease will triple, assuming no significant changes in cardiovascular treatment and prevention. Reducing hospital costs among patients with CHD, therefore, is a public health priority. However, a recent review of 35 studies found no reliable predictors of post-AMI rehospitalization. 22 A substantial body of research now shows the negative prognostic impact of depression in patients with AMI, and these adverse associations contribute to higher healthcare costs among patients with depression. 10 In one study, the average daily cost of an AMI hospitalization in the HR indicates hazard ratio. Other abbreviation as in Table 1 . *Kaplan-Meier curves are provided in Figure 1 . †The effect of depression is controlled for the imputed ENRICHD all-cause mortality risk score and a random frailty term for study site.
United States was estimated to be $1688 per day. 4 In the present study, we found that patients without depression spent an average of 4.1 days in the hospital during the follow-up, whereas patients with major depression were in the hospital for an average of 13.4 days. This finding translates to an additional average cost of $15 698 for patients with depression. 10 -14 The current study and a number of others have found depression to be a significant predictor for hospital readmission. That this result is consistent across different samples and assessment methods suggests that depression has a robust effect on the risk of rehospitalization after AMI. Nevertheless, depression remains underdiagnosed and often is untreated in this population. 26 Depression is a modifiable risk factor that contributes significantly to hospital costs. However, we do not yet know whether treating depression would decrease rehospitalization rates, but some initial evidence suggests that it may. Cossette et al 27 found that patients with MI who experienced a decrease in distress after a brief intervention were less likely to be rehospitalized for cardiac and noncardiac causes than patients whose distress did not improve. At the least, treating physicians should be aware of the risk for rehospitalization associated with depression and ensure that patients with depression receive appropriate treatment or a referral for depression care.
The mechanisms underlying the effect of depression on the likelihood of hospital readmission are unknown. Depression increases the risk of cardiac morbidity and mortality in patients with established CHD, 28, 29 and this may be the single most important reason for its association with rehospitalization after AMI. Differences between patients with and without depression in help-seeking behaviors, 30 health behavior and compliance, 31 and perception of chest pain 32 also may play a role.
A limitation of the present study is that the data were collected Ͼ10 years ago. It is possible that rehospitalization risks may have changed such that we would not find the same result in a more recent study. However, the findings are consistent with those of similar investigations that have used more contemporary samples. 13, 14 Additionally, we may not have controlled for all factors that could potentially affect hospitalization. The current literature is not consistent regarding patient characteristics associated with readmission, and more work needs to be done to empirically determine the most reliable predictors of readmission. Missing risk score data pose another limitation. The constituent variables of the risk score were obtained from chart reviews, not from data collected specifically for the study. Virtually all of the missing data were simply not available in the clinical record. However, we did not find any evidence for systematic bias in the findings because of missing risk score data.
In summary, depression increases the risk of rehospitalization after AMI, resulting in a greater economic burden for patients as well as for the healthcare system. This result is consistent whether depression is assessed by symptom inventory or by diagnostic interview. Given the high frequency and cost of hospital readmission after AMI, empirical development of risk prediction models should be a priority, and self-report depression measures should be included in them. Future work also should examine whether successful treatment of depression is associated with decreased hospitalizations and hospital stays and, therefore, decreased healthcare costs.
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